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Alerting Abstract WO A1 

The organic light emitting device has an organic active (53) region with at least one 
emission layer (EL). It also includes at least one organic charge transport layer (52) 
(either a hole transport or electron transport layer), an anode (51) and a cathode (54). 
The organic charge transport layer is alloyed by introducing an inorganic component. If 
the alloyed charge transport layer is a hole transport layer (HTL), for example, the 
holes are conducted through it using the inorganic constituents with reduced voltage 
drop or heating. 

USE/ADVANTAGE ~ For discrete light emitting device, array and display. Improves 
efficiency. Reduces operating voltage. Higher brightness. Increases reliability. 
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M ^^p|o| sx:!^ x^aji Hl-u^ o|A^o| aUf#(emission layer; EDM ^^(53) ^^^M ^fe ^^sj- ^xKorganic 

electroluminescent light emitting device; OLED)-!- ^^tS^^^^ ^oigcK OLED-b ^oi^ o|^i-o| g-^h ^ gg-(52) 

(s^ sss s^rs&s), oHin^(52) m n^^{54m m ^mn^K o\Bm w^i g^#(52)^ ^-g-^i ^<^noi 

om mo] ir^a Sa©(52)0| S&S(HTL)o|oj, ^^.^ go^^^^grf. 7ra(heating)o|| SLl^l- 



^^a^ #7| ^^^1- r^^xK cHBilol, c|rix#B^|o| % o|#o| xii^ij-aail ^do|cK 

^^i^y\mi^^ "^^^mM ^y\. gxf- ^tdg-^£4 o\rLm ^^(pope et bD goji 

^loW Journal Chem. Rhys., Vol. 38, 1963. pp. 2024011 7Ha|£|ii "Recombination Radiation in Anthracene Crystals 

Physical Review Letters VoL 14, No. 7, 1965, pp. 229-231ol| aHB|x|(Helfrich et aL) go]| 9\%\oi 7HA|gcl-. 7|| 

^y]^x\ Jis# ^71 gx|. aH-oil a-th M^lAicHI o|-^[-oi aTil ^^Hlojc^ 6| S(Tang et aL) #cH| o|^^ "Organic 

electroluminescent diodes", Applied Physics Letters, Vol. 51, No. 12. 1987, pp. 913~915£K H^^(Brurroughs et ai.) ^o\\ 

Nature. VoL 347, 1990, pp. 5390|cK ^izj^ iTO(lndume-Tin-Oxide) % 7|Eho^ Af-^fiJcK 

(Tang)'^^ gg ^^^-S SicCH^'Cmonomeric) ^[-tf## o\^tl 2S(twoHayer) ^^H" d^nm WS, M^:^(Brurroughs 
et aL) £E^a gE|{p~iti|y Bijtdiy B[!)(ppv) ^ #a|cH# AfgsiJcK 



# §J M^fi^OJI oj§|.0:j :§-ge s|at^ ^7|# H fji!|S #SS| S©F04 .^Tll-l- 7HA-i 

SiSJcK aej-^ss. s|-u|.o| cj-Ai :ns#s a gj-Ai-i- §|-7iL-|., smai o|=. sEt sjEflss. 

^E-l mgsf #7|#LHs SM^ios ^gj^fe dl 7^x^ 3^ll■s^c^. olaj^t a*t^ "Electroluminescence in Organic Films 

with Tliree-Layer Structure"Bl-fe x-||=-o^ Japanese Journal of Applied Physics, VOL. 27, No. 2, 1988. pp. L269-L271cHi o[ 
c^l-*! (Adachi) ^o\\ 7||^|e|21 "Organic Electroluminescence Devices with a Three-Layer Structure"s|-t 3<H|.=.og^ 

Japanese Journal of Applied Physics, VOL. 27, No. 2, 1988, pp. L713-L715o|| o|-cl-*| ^o{\ °.\^\oi 71)a|e|ohc:|.. o|E-|t!- 
0\\M. 0|•C^x|fe aX|-Q£, g| S-A|.# Z|Z|- ^alAigo^^ z|zto| °7|-i-oi °5! ©i-L-i-oi 71-^ai-s. 3* 

(three-layer) ^H^^lSHcK 

#71 SX|- diXKOLEDs)^ -^71 gl- rtxKLED)£|- #A^5l■7|| ^"-^tl-cK £ iaO|| ^m^SLS. £A|=! 

?1| ^s&'-4= Sit -^P-afe S^Ke-) Si S5(h+)S ^t^t ^gj^fe ^ jH^I S^(11, 12)a1-o|ch| ahs^xIS #71 g,U|-Sos o|^oi 
ScK olsitt ^st. oiiacH 7|#=! HSsg^l fesoll :7|#E|S}cK Sx|. gj °7|#o)|a-| tMH, ^HS»sM a# 

#cHt!!i:^K #:7|S(10)S S^ofe -w-7|#s| gxh SJ §g tyi c(5ands)7F Q= m. ©■^■£1 ^-s-g 

=t= 5ii^K o|&|oh g=A|.g zp.^^ ^ iboii £A|s!cK 2^ #^(13. 14)# ^i!a!Sr°SM|. ah#x|- ^ojo)| cHS.MlMxj J 

&^^&cK oi :g^o)|£, cHhi >y£ SXF7F #7|S(io)# o||i:L={i4)o|| SLmm^ ZL Q^SS £|-^ ^ S{7| oH 

■soil o\mn Zk'am ^tsa ^-^-l- ^Ej-mxi ^ecK s 2at q-ol rt^^si gx|-7|- ^gjslJl §#o| cH^4= aiol ?HrtH(i5) 

L-HcHjAi xi|^t|-E|£s 3. Qxl- g-w(i6)# i^^fe dfcxj-l- £A|s-cK 

£ 2bo)| £A|=j = gx-ilt ^Hix] cHY^ai = _ ^^ xj^ah #7|1-l1|o| x|x|- g! xngoj o|^E7|- 3711 cj-scFfe ^dolc^ 
S. 2b^ oi|ic^(iB)s¥E-| ^ojEj g^oj #.7|#(i9)s. sgti aj^b:| oj^tH 7te ¥eJS axl-71- izHlTil 0|#*l- S^l" 
ri:^(17) ^x^o||A^ X||^tl-o| ol^cHxl^ Oils- ufEl-tHcK oj-ef °7|S(19)lHo| gx|- 0|#£7|- Sg-Mcj- Ht^l-S 73\mm^ OHi^S 
(18) 3-&o^|A^ ^ojcK fjaisoll oj^i-oi tjajE ^ui-o| xHan-oj o|^cHx|o:| o|^o| at.(-'gi-& :±:XI-°| sSS- 

H Saoll £A|s! u\9\ goj 7|#t!- S^^HISg ^^S|-7| ^|S(-Oi SXj- Sg-#(20)(ETL) Si S5 aaS(HTL)(21)# 5. 

°JSM ^ 7Ho| #Sx|-oio|| gxh Si 7|^s -S-alsFacj-. "Electroluminescence of doped organic thin films"a^-b ^\^ 

il-(G. W. Tang et al.) §c)|| °\^\o^ 7||A|sj jounal of Applied Physics. Vol. 65. No. 9. 1989, pp. 361 0-361 6o)|a-| 
HJ-^xl- o\%s.y]- 2S c|x|.o|o|iAH '^o1x|a|. ol a:a^ 4:X|.o| ^^ x^l.^o| #q ^^.a So^o^|A^ =)■ ga^oi s-^^WI g 

CK aajs =^(22, 23)^ ETL(20) Si HTL(21) SH^e^ ^x|e|je^ 2+2+ AjejS 4= 2{°Q=I, xH^f+S S^{22 23)°S^Ei 
•aal SCHS #7|#(20. 21)Al.o|o| TjjojollAH ^cHtl-cK £ 3aO|| JEAjsj iji.^- HTL Si ETL agSi7|| Sx|-7|- 

HTL(21)S #(>|7fe ^# a^x|g|•oi ui-EHS.JE 7te■s^c|■. o|E-|o^ sg^ ^ -|aoj| £a|=! b^a|. ^oj aqscH|A4 H|i,UKnon- 
radiative) ^^H-g ^tk *I|wlHo|| Sx^ SJ ^^si.o:j g,UKradlative) xi|ai^o| ^^s|■E|£s *f 

>^K SEt.K #7| ^l■A^#o^|A^ oLED &1fe^A|?|7^L-^ h^F r^SI egg H^gspi °|sfo:| WDFe!(courmarlne) 540 as(dye) SEt 

DOM 5H+#aF °7| sH+#S ^7|-# ^ Sicfe If #CH| al^Foi njx-l 7HA|E|2icK &+ Etl-M(organic 

dopant)eF ^•l-a(host material)S ^^■^°LS.»^, SS^oJI o|5|| x||aiho| xilcHacfe ^js. 7HA|S|-acK 

"Electroluminescence in Organic Films with Three-Layer Structure"afe oFc|-x|(Adachi et al.) #o)| 9\-s\oi Japanese 

Jounal of Applied Physics, Vol. 27, No. 2, 1988. pp. L269-L271 Si "Electroluminescent Mechanism of Organic Thin Film 
Devi,ces"Hfe x-||s-o^ ol-c|-x|(Adachi et al.) #o|| s.\-s[oi 5th International Workshop on Electroluminescence. Helsinki 1990, 
ACTA Polytechnica Scandinavica, Applied Physics Series No. 170, pp. 215-218o||a-) 37H°.| ■W-7|gg =?S.S-\ 7Ha|=| 
cl-. o|Bia9-^fe £ 3bo|| .EAia a\9.[y^o\ ETL(31)2F HTL(32) aFo|o|| l£o| avx\%{30)m ?>tcK "Evidence for 

Excitation Confinement in Crystalline Organic Multiple Quantum Wells"afe ^il-^S.S it{f. F. So et al.) g-o|| °\^\o^ Physical 
Review Letters, Vol. 66, No. 20, 20 May 1991, pp. 2649-2652o|| 7|jA|Ei tSojl 9\^o\ ^^s\°iB.^ oiy\o\\ 7||a|e| ofcx|-^ 

# a s #7| gxF #a a^oiiTii Ei-ge^cK 3S sgoj 7m ss^ios ^Hat+sfe 

Ljjoii ^7i\9.\ s.^ 7[m ^ si^ oiaoi sicK Digs ^ sic^Eii sicK 2® =?-s.o\im smsi § 

e+sA| as-oi flat!- sj a^A^7|^ ^igsHot ©i-x|o_K 3S oisai oj' 

#7| LED^ gg^oWlAi ^7| LED McF ^4=t.^ miM =^ Sife S^5,^o| 2icK OLED SJ OLED itx^ai 

S-agJ- 0|g§0)| SM-^ 7|-^0J| ol^Ell o|fe °7| LEDSi a-^Oll^ 7|tl-a| gWAI-oll ^SO^ S^5||0|: SFx|oj., 

OLED Si LED-b ^ #a|7|e £Et 7F3|o| x-igtj- c^m. ^a^^ uf^g ^^ti y\&s.\ ^-g. g^A|.o|| s.'^^ 

#*+oi 7fe5i-7i ttii.^o|cK 7iths. #^oi.(fiexibie) OLED Si ti^^n m^^i ^^msiiom ^oimo^ o}.c|- si^7?[x\ 

OLED Si OLED ^^o\\ rtxfo| ^ -o| ^7|Ss ft ^Mc|. ^jM S§S!ia ^ 7|-x| o|#fe 

1 . ^4 go^: .^.E fe^Q^(a'-AFa)os o|#S|-7^u|. ^ojsF7| ^jSM #7| rtxffe ^s. ggj-oi flasFD^. o|.^ o|e^tt- 

gaN Sl-g X^S1•A|^J'^K ■S^/-S-7|^A|.0|°| 7||acHiA^o| o||LiX| y<>|A-| ^gj5l-7| ^Itj- fe^ a7j|o| S! 

^ Sai(ohmic) S^?+^|-a|- 3^-M-tKpower dissipation)o| °7| ga#(ETL Si HTL)i-l|s[ ye gHj- o|-i-Eo)i aj 

eFoi jigoj-oj ^as^Tii Sic}. 

2. OLEDfe ¥7| LEDo||AH 3^xKphoton)2^ 7^3| §^*!-=t:a| gx|-# 2icK ^ a-feyaj 
OLEDSj °tx|- DH-^ ?,tsSFc:K- xH fi- g.e«(HTL Si ETL)# Ai-cHsjo^ SHSc^fe Ef^S o|# ttHSoll 



OLED^ LEDMcf- ^l^oli 9iO\Ai ^\xm^[. ^ZJ-^ of- (Space Charge Limited Current)^ S &ji^O\c[, 

3: LED^ q7|#ol|Ai #^^^o]| xi^^t-gcK o|s-lf.h c:l-^o| o|#oj| o|^^oi 7|oj^hc:|-: 

A) fe^-B S7i^^o^ sxt.# ^#^o^ ^ao^e^o4 goiiAi a-^wi ^Fg^i-^ D^3L^|^(Mg), ^»-^(ca), m^^^nmif). ai 

B) ^x|o| ETL ^ HTL #^M|cHi ^i-^xKcarrier)# ^^^l-^cfl #bHo| aqMq S !T0 S^H-^ oiS^I ^cfl o,^(significant) 

D) qj-^-^sJ OLED -1-^^ ^^-S^-e- 0LED7F 7|-^o]| °!^*-b(-a| fi-c^K ^l-gol--^ -e-^*, (amorphous) -^^l^ 

^ 3B^|ol(grain)2L^ aS^t!-J::K 2 S ^11 (crystallite)-^ wISS JIx-i|Mc|- 3kns\ll i^mu Jlx-i|Mc|. g S^^WI x[|^-| 

^i7ii sc^K 7F:±: SEH^i ommm ^^«o^7^u^ n^^^pi ^moi ^m ^mm ymn^ -^^k as^i ^^{Qap)^[ yi^tk 

m^^iodd shape)-^ ^M^l m^Ml^^m a}^ cHg7l|^(-Jl, ^^(positive feedback !oop)Lf|oi|Ai xifj- 

S o(. ^oj oj S^^o| ^ 7Ho| 7|fe(tasks)« =MS opi ^l^^oi 3S ^7| :?-^(£ sb-l- &^)7l- m^^M ^m^. 

om^ BM^I :^l-s-oli OI^W ^l^^f-sjol^ 5JJ^K >^m:::^E-l^ %h^^^ ^ y^o\ ^a©-^ ^7|-a sg ::p-so|c:K oj-oj=o|| ^ 
'B'SmMolB-l o\mx\ ^.^^C (offset)^ oj-J::^, o|E-| oi- a^^^ g-^ -W-g^W. S^F^I- S^^HI ^ 7Hai 

o| ^o|# ciia cj-^ #^Mcl- ^ 7HH| ^t-^ ^^^^ ^^^1--^ ^0] tlc^K ¥ ^H^l ^i-^o| thi^s qled ^x[-o| «^ 
o| £ 4CHI ^AiScK o|H-|^^ ^x(-^ Sx|- ^SS{40)ii|- Sxt- ag-#(ETL)(42)o| o|o1x|-^ ?Hri::H ^^{41)-g S^oll niH 

^1-0^ ^ 7Hs| 7:11 ao| ^H:^^^!. ETLAf-oloil -^xHSfe ^ 7}|eI-# ii^^m^^ 9X^m S(40-42)o]| cifl^h ^m^^ 

gciK S^b, li-ao| g^oil cH^Fo^ ^-a^ 4. 01 ^IT^^^ojj al-BW gq^lJi sg-©^ Sa-g^l 

OLED-b oim^l ^^Mm\ ^-il^^^l-^ ^c!oi oHBf o|#o| gBH^^i- S^^ScHj o|^(.o:| xiieScK al-aW, tl>il So^S 

mmo\ ^t-A^^a^Mi □h^^^oi ^7\^ mi^^K o\m^ o\^^q[ ^^x[ ^^^^nn^^moic^^ o\b\ 

oilt ^£|>.(8~^[-o|H^A|^|^B! o^^o|^(Alq3; tn(8-~hydroxyqulnoline aiuminum))o|ai , 5.^y- OLEDo]| A|-g.iarFfe 7hS- 
#S si" a^l-SS MSo|c[-. "Eiectron and hole mobility in tris(8--hydroxyquinonne a!uminum)"o|a["™ xi|^o^ ^HIM^-I (Kepler et 
ai.) #o]| o|e|-Oi Applied Physics Letters, Vol: 66, No. 26, 1995, pp. 3618~-3620a|| 7Ha|£| ^^oijA-J^ 1.4 x 10 

ii 2 X 10"^cm^/Vs^l ^-B AlqS ^m\M S^cFai- S^o| oi^^m z|z|. ^g^j-^cK w|jiisH MS, ^^.f*^^^ bH^^S^I ii 
B.^x\±:Bis,[ 5-011 ^o|^ ^£|^»-o|| MalSCSi)-^ H7l7l-6^ §5E ^ ^icm 

- #Af^O^ 10 

Ohm cm 37] SEfe ZL o|^|-o| x-iih# ^^-^cK £S@ y-SEx-||^ 10 
-3.L.HX1 10-4 Qhr^ cm ^^-B 7^ 4^ ^^K thS. a£^-ll(a*aie-ll^ 4^ ^^)^ Sfe^^j^^ 10 

-6 Ohm cm Si n o|4»-^| xi## ^^-^cK ixt-aH, ^A^^l mmol ami m ^ 91^ ^^.m 4^ 

#a|cH H H.iz.i:}1^ o|g^[-oi El^oiS OLED^ ^-^oi| ai-gg ^^o| A^^ -fe^ol^l-cK o|m# SL^ Aj-g^l- 

^ ^^^ol oH^^^^ S^^K ollw "Poly{P-phenylene vinyIene)/tris(8~hydroxy) quinoline aluminum heterostructure light 
emitting d!ode"Bl"^ xi|-e-o^ ■?-(C.C. Wu et al.) ^o\\ Bl-^m Applied Physics Letters, VoL 66, No, 6. 1995, pp. 653-655CH1 

^nm ^^o\\M zie-g- :±inm s^o(-7i ^i^^oi #7| m^m^[ ^hzom M^n^^^i ^ ^n^m m^m^ ^ 

a-^ej HTL:a|. ^ol gg^l-^xj ^^al ^ y^°\ ^^om mm SL^n^ ^iol olEi^l-A|j£o| e^aolcK xlo^, Sol(transfer) 

7l|°ioilA-| ^H?Ji::|-. "Organic electroluminescent devices based on molecularly doped polymers"^l ^-11-^^^ 7|S. 

(J. Kido et aL) ^o\\ B.\^[oi Applied Physics Letters, VoL 61, No. 7, 1992, pp. 761-763oll y^M^ ^^o\\a-\ ^^ti 
gal CHI mnoi 7HA|f!}cK 

"Organic electroluminescent devices fabricated using a diamine doped MgF^ thin film as a hole-transporting layer" sl-^ x-il-=- 
M.^EE{S, Tokito et al.) ^l^l-oi Applied Physics Letters, VoL 66, No. 6, 1995, pp. 673-675ol| 7Ha|£! -^-g:a^lA^ ^7] 

^^o| ^ymm :^ny[ y\^^\?i^[. o\ ^^^i ^7}^ ciora^i nm^m yjoi^i, mqf 



2^1- of. ^^x-ll^ ol^^l-oi -M^^ ^y\^^o{\ oi^[Oi ^^o| gfEJEO^I 7|oi^|-H-^ fi-cK 

"Organic-Inorganic heterostructure electroluminescent device using a layered perovskite semiconductor{C6H5C2H4NH3) 
2Pbi4"a^-b ^ii^H^ oliaKM. Era et ai.) §oj| ol^[oi Applied Physics Letters, Vol. 65, No. 6, 1994, pp. 676~678cH| y^M^^l-. 
o\\B[ #o| ^xfe ^A^o|qo|-M ETin mn itl|^H:^^5'|-o|^(perovskite)» HTL m m^l^ M^M^K W-^lB^ # 

^ ^7t D|oF^ HJin n-1 cHlniq^ ZnSe/GaAs# ETL x^g^fojcK oi|al- go| -A^xfe Ki|^H::ir^l-o| H ^ 

^^0| ^cHxj7| [iH^oll ^#o| oj-^cK ETL a££7|- Soh^oi- S^0| ia^|-71| ^B^o\ QLED 

B| ^TiigcK ^x[EF£[- A|£^ ^BH^I LEDoil bJ|^(.o:l OLEDoil ^cHa-| oj- §|.u^^ ^c|-. c>||ii[ 

^^ ZnSe/GaAs -^IjE^ oigji gi:0| b|MfDi GaAs^ ^^ISg >^l-#o|-7| rcfl^oil ^il^tSE^K oHinH iJ QaAs s. 

^fe ZnSEoil B|3l-0i gAij^g ^^^^711 §4.i5K)i m2l^l m^o\^ D|ol-aj HTL^ p-M ^tex-llMc^ Stf 

^^ym y\^n ak^^. ^i^'-hi 7|^# ^^m-^f^i ^i^i-oi oled^ ^xii (d nmm n (2) onin^/ 

ziB-lL-i-, o|e-]e!- ^H^^I ^^^-B x|^i-A|7|ai dt:X|-H| 'gci^E^cK #ci sM^^^ ^H§a# BF7| ^i^i-oi ^^ 

^^-^E^ x-i|7i^hoj HTL/ETL# y[^m^ S& ^f-o|-7|- op\s\ni^ ^^^^FlU -^^^ti-^K fe^B ^ 

Aj-71 7|#a Oi|a^ #HH 7|#S| 7|#oj- 4^ ^Xi^, -^7^^^f. qLED 1! i:^|:±:MEflO|# 

^1-71 ^i^HAH^ mmno\: m 2yWQ-\ 91^1 

^ ^^i|o| ti^nin ^7| gxf- :^7:k cHEiioj m c.\±:mm\m nmn^m 

^ ^ ^^^^i ^w^i-io. -m^m ^71 gxi- ^^^^ :i:xK cm&iioi q-^^H-iioi# x-n^^t-b ^ii^^fenHi 



£ 1a-^ ^^A|-g ii ^ 7H°| S^-M ii^ ##^£J OLEDBi EJ-^S. 



£ ib^ ij-Afe ij ^ 7(-x|oi, Hf^xf. ^ojoii cHth oj|Lix| ^ti-=^7F -yiiia oled^i 

£ 2b^ Sg- ol^JEojl ^:^\%\o\ o|-i-£» ^^xfgg 7^^^^^ ^H^^^l ^x-|a||A^ A[iao}-o| ^oluf-fe l-fel-^Z! c^l- 

#- OLED^l 



£E 3a-^ S^F g^^S ^ S^^«# #4^^^ OLED^I ttE^fE. 

£ 3b-^ ^7| ^ss^ sxi- ggg ij §^ 3S ^^i- oled^i e^se. 



4-^ ^a#o| ci ^J-Til >^q£|aiA-l ?H=^5'-ilo|^S (cascaded) o]|Lix| §-y^o| a|-o|ch|a-| gx|.^ojg 



5t S&S^^ ^^Sofe ^7i/^7| % i>^-A|.go^ ^^^^fe #-^1-^^^ #7|## ^H-^fe ^ a-?|c>i| al-s - 2# 



o| ^7|## ^IToFfe 3S as- :±:^FS| EFS^S. 



£ 7bfe £ 7aoil E^-IS itx|-o| gjc c^o|cH3a. 



JE 8b-^ £E. 8aol| fE^ig :±:X|-o| c|-o|cHziig. 



7i s-si- a-^ aas), oHi^s Si ?H^H-» q sii-acK oi&ish ^7| gg-se ^7|-i- jesi^m h- 

^7| S^'-SlHoII gs^ai °7|## ^o|sh 5jo| sxjoj ^ <^^o\ g^Hjg "Organic electroluminescent devices 
fabricated using a diamine doped MgFg thin film as a hole-transporting layer"afe ^HI^HS S?|fiE(S. Tokito et al.) ^o\\ o| 
^[Oi Applied Physics Letters, Vol. 66, No. 6, 1995, pp. 673-675o|| 7l|A|=! ^e^oll gsj-s^l al-c(|E!c:K bJ-^xI- ^ojolj cflt!- 
§-^#iJ-:i:A|?|74i-|.xi|>1*l-o^At| ?m^m ttUM^\^m SS.fh ?^(scheme)o|| cHsHAHt o|-^ s?|ffi.cH| s.moi °Jaih|x| 

^ois. oi#s.i ae#oi ^7i/^7i m^mo\o\o\: n^y^ Ai-a aNis, ^7| if^o^vE4 -s^^i os. s&sf 

7| 5«l|-th C^S g# iife Hl-Bl-^ISI-CK ^ ^^^|o^| o:|-= 04 _ opj^ a^SA|.o| ^§ o|o^2^ cl-^ ^?i^^S.\ ^7|/-¥-7| H"^ 

SA^o|o^| ^7| HilEl(buffer) #* xil^fj-o^AM gOiac:K -Bx-jsl ^7|/^7| thSSoll o[s^o^ oget^ o^7^^ trHnHS 4:^e|SH 
Ai g^A^SLH°| gi-Al- xHaS-oi ^oiy-cK o|H^f^ g^oii HiiJi#e 51-^ SiJ-cHi a|5|-oi ej-^x|-7|- fe^ ^q^lHs. s|-a| 

^#(driven)H|7| y.i£A| g|o|-o|: oj-cK cj-^ t!-^. HffilS-E li-^oi| °|^|-oi nmtt^l ^So| ftcHL-te 3c!S h| 

#-&a-S£S -^^^JotEl- -^Se} tl-^o| fls-i- ^nl-otg fl^^A|?|.^x|e|. n o|fi|°| jx|-B|:D|E-|oi| ce|-b|.ah ^7| H^ 
it|#o| uh^Al 1-I00nm iis^# 7|-xio|: tl-cK 

& ^i^al cm MM<^o\\ nl-ES, SaS a^7F m^s\iL, o|B|o|- fj-^E! sa-§§o| u^iij *o)| o|§|.o:| g 

gj-Al-gol ot^oioll ^7| UiJElS2|. ^7i/^7| #^#0! CHS iXl- ?>t 3dO[ UFif^ls^ClK 

#7|/^7| if^9-a| te£7 1- ^HH (graded) =|CH fe5Efe ^7| °s.■^E^o| 7^a|cH| ixfaH sE-fe §ymc[. 

0|&|th #7|/-?-7| thS# □[|S^:±:a| £!»l|Sjei ti|-^X| •¥-7|SH| Si£7l- X|HH5jos s\£^ ^7] 

DHSS:|>b:M10j|AH ^7| ^^0| Aj-agcK S^gS &<^SF7| fl^ DHSSjrife §|-L.|.o| o:7| ^o|§[.;7^l.|. SEfe A^o|^^ °. 

71 ^^-i-^ m^m =^ ?!'=■[. s^f s&se s« aas# ti-Soi-7| ^isi-o^ A|.#ot. ^7|^il^ ^7|## ois^f- 

Oi tt-^S Sick 

¥7|-1-S- #7|#o|| b|s|-oi ^-a o|-=£-i- ?.|§|-o:| A!e!sWi-.|. £e.^ ^s. ui^x[ ^E.m m^oi Adai-a ^ sicK o|e-|o1- ^jej-g. ^cH 
5! S°^o^|A^ ^© S#fi|- L^^S xift. y-a go^oilAH ^EH^MI Ejcf. 



3. S^^S^^e S^/S^Sfil ±.n^o\lM^ ci o|Ai. ^omx| oi,fecK olfe o|# hH^oiI uFai- 

5]sl-c:K 1) #71 □Hea>^uHo)| ^4==! o|^cHS o|Afl fj-g^^^ S^o| q S5 ^^1*1 (feature) H 

mmm: Mom dh^ ^ Sx-ii aajs gsjoi ^zjcK ^oig a7i&££fe sa-cHlAi. Sj^^| a^fe ^oicHI a^cHs^^ geiM e4s| 
oir^g^°S. -S-^l/^^l St!-{junction)0| 7Ha| S^l S^oiiAi aeiSHe -S-^sj^J u|iE 

#t[||. 0 1 EitM^SS OH-?- §1151 cK • 

^7i/Y7| U-SS A^§1!•°S*|, OLED a[::^ ^^7(1 ^71|# o\mo\ mci SSOJI g Z^ci^s 

# 4^ 9i^[. #'^^5jo| OLED^I ±.x[9.\ a|s|^ A^o|o||Ai E^S'a■ 4=^|of| sfsicK om gg^o| 

a|5ll ^g-o| :4:l(quench)£|3.. :^:X^o| sxf ^o^o\\A-\ ^Tlpi- feoWo^, oJx^o| o^oil o|aH s|S7^ =t= 21° ° 

^ ^TllxFM-S- aSS-g afTfl SJSJc^K ^x|-o| lOOnm 2.ggJx^a| qioil H|©i-o^ o^ oicK o|5!-& 75nm 

2.\ OLED* aS^I g^t-sHofecll olfe ^7i#o|| o|§|.o4 £^^^1 ^oo^, o||ix.=2|- n^^^oM ^^^s.s. S£# 7^■^S|- 

711 moi, XHuH^el SIS E^^^m ^a-acK ag, 250nm ^s. #7|S°S. gjx|-«- SSSl 4J-?=iH-|2i 7F^i- ^|o)| 

oi - ^^oj OI-5H2.I ^^o^ as.* ?ix| ^-gwi s^ck sg^si ass-g qh^ ©-y-Aia os.ah ■#7|/-^7| n-soii ^ish 
sfe ^d^ioii "xhBH. a-^a a^^s/a^iH 7iio4oj| ciisioi 47hhi ^^th ^^sfoi 7f^^oi 5Jck 2|zi-o| oj. 

1) ^7111-^ ^-M-Z-g^ aais: ^t.'-^'oll 4^a-ato| ^=}^ =^°| al-^x^ ^°|o)| [iHti xk^^ g^cK oi|# oiditt- = 

2) , 3) ^E.m ^7| H-^ ^^/^^ fHEHS a-b ¥-71 tf^ tms.: ^^/y-£*|| ^H-. ^. iiS7|(Schottky) c[o\ 

fisfe ss^swi ej^si2i3. s oj^iiacK ojfe °feg,^l,tos a^i# oi-=Aiaos^_ ojfi- ^ 3-^7i- 7-isi #^©^7^| sic[. ^oia 
swiAH s^t-^ 4= aife a#ai iis?! ^oi(7iiEMo| ^s,m ^Mo\\ s.\-s^o^ &^H| ^(B>5£x-iim2i ai#x|.°i 

OLED ms| sas/asjM ^ih© iiS7| c|-o|o ZL xi-y^ ^o|fe ^ #S2| ^U-^o^i oi^^o^ n 
fesoli s|o|-oi SSacF. ■^7|#& a7|5|o^ iKnative) al-^x^ 

7I-U2.S*!, agJ-oilA-i EiUS-g Sx|A|?|.^ DH-^ g-^g 5^7)1 gcK cci-aw. #41-,?^ eJ OLED t-Ho^|A-^o| ^oj^ ^ 

S ^^iih #7|S-AFoi°| ^*j-=^^°| X[om 3.\n[oi ^fSSlcK 

^71 ox-ii feo|7^■& a^oii£).a E^wg -^igsF^ g^s ^^^s ^'-^s^7| .?isi-o:| mms. nifets 

i^K M^o\\M, £ESs|x| ¥7| BJ-£xiial.£ #7i 5Hl-#ac|- e}#xh 7^x|Hs. aj-cH^ho^ 01== xi-woj 

iiTll gcK nf-aH. ¥-7] ei-£*l|s|- S^A^o|o|| OLED Ssj- ^°io| ^cHi-te S-^o||, -g-Atsjoj qledo)] ulJasj-oi oj^oj 

71 elEx-li Moll S\^[Oi ^Aig Hh^Xf feioli 7|oJ«tc|.. 

4) eiE*)! -^71 H-^ ^-^/Blix-ll «1-S.xfl ^au-s. ##{homo)oi-E o|#(heterojunctlon)o|.g- a o|5HE|a1, ii^?] c|- 

ois = s| a^2^ nH^ #A^e^DK x^wo| y#x^o| ^^ojj el^l-oi aSEjfe Mlej. g.wo| ^olt Tjie^oj ^al^^oj ^^oil b.^ 
oi aggcK StKhomojunctlon)e ?,t^2| H|| ao|(Ferml) o||Mx|o)| no\Ms\ x^o|o^|o^ eHgste sj-e feo|°| iife 

#Ai-°wi £gm°s>tH, &a«i ^-ii7-i# 4=71- 9i<=-[. mm e}£*i|A^o|°i oi# gth-g m[y\- o\^m 

xi §1-0^ 4= sicK g[Hf5jos_ ot^oj u|£E.*iis aw°wi asjom zl sgm x-hcho}.©^^ oi^ioi ^jehsi th^oi a 

ol-^gjoil 21CHA-1 DH^ 4= SICK 



Mc|. s o|5||§ ^o|DK 

■g-alS ^"-^ dtXi-OfI CHSH -a7|fe S-fej-^ej i:X|-o| -S-Xligs ^^eF7| ^Sj-Oj. (>1S^|0| S! C|>i^E^|Oio| S.^^ -StAl-g ^ 

S7I- E 5, 6a. 7a Si 8ao1i £Ea|e|cH 9iJL, -il^t}: oiB.\\o\ g! c|:i:5s||o|t £ 9. 10 §J 11o)| 5£A|E|(>i x-l|§gc|-. 



fei-Sfil €!2.|7|-£ 5. ea Si 6bo)| CEI-BH olxi| At^Hi^WI ^"-^IhI 7Hae S^^leJ Sa«{*) cH-iJoil 

H|-^X|-ag#(-g)o^Ai 7|fesfe ^7|/^7| mSS-g ?dO|cK S^. 0|E^t^ H-^SS #7| H^iI^0O^| 

o|§|.0:| X||a*t-0| SOl^t ^71 i|Q^O^^E^ ^a|S ^ 2J7^l-^, ti-^S| fe£7^ g W o| =LX-\0\\M 

yol-7:|Es ^uH (graded)^ 4= 

£ 5011 EA|a ^ H^□|o| xil 1 -^Alolloi 2S a-S- rtTihfe. ^7| mo] Ge)m £SoK>j ITO OHi^= S^(51)ol| 

ejgoW Sg- gg#(HTL)°SAH 7|-^Sh-& c^ioF°i(TAD) ^7|#(52)« SlfS-cK #7i/^7| ff^ gg-S(52)2| ■y^cHI 

n|&(AI) SiSi^{54)(?H:l:E)l- iife Alq3 a^^FSS S^t^cK 0|-^ S^^S# Oio] S|= 

^7|/^7| #^S(52)& ^71 A^«§g =L7|^0|CK o\E\ti g« 2- (tHElftol °!M 3 

S| ^7| ^^l-HS ^ojoi ^Oit+E^K 

a. ^o|o| xil 2 ^A|cH|o| 3* :^=£o| Hj-aj. 4.XI-7F £ 6aCHI S.M&^[. o| £E2jol|AH 0Hic= S^(61)ol| °ia^|-oi S9S(HTL)° 
SAH 7|feBfe #A}2| ^7|#(62) Si S^{65)CH| 2im°[0i SXhaaS(HTL)°S 5J-§^|.t #7|/¥7| tl-^#(64)0| £A|g 

xii 1 -^A|oj|o|l Ix^aH 7|^5hfe fc!|.^^ aol. ^7|/^7| t!-^#(64)-& -^71 SEfe ^^MS smfe ^7|S0|cK 

aa#A|.o|s| ass wopiuf oiiLixi ai-g©! x^|7^s|■7| ^i^i-oi sjaoi. ^^m^w ^oia ^o^^ 

(flexibility) o|a|o)|£, ^7| S ztTrhaj 7«o| a^eh^ #7|/^7| #§^oi assj-s 

^ -l-^cK zi^2.\ S&S(62 a! 64)-e SSF^l S£E-^ ^Ai^l S-S H.?,i=2| ^|-#Eo)| s|bFo:) ^Ef-MiolxicK 

°7| as ^-g-e ^ysjoj gg. =^o| 0|#H2F DH^ S^ ^7| mS 0\^S.m ^U^^ 3d 0|Al.o| 

dH^ S£01| °|§hOi ^^ScK *f-^. al-£*||.^ S^oll U|S|-0^ gf^xl- SE» ?iX|o|.(u|^ ^aj-xjoj gy.* 

#gMi::[. oiS^I =^=AiH|| 3_x\2}). W ^ o|.=.£» 3i-fecK ot== £if °| ^^o||a4. -^7| ^^o| ^yisjoi =7| 

Mcil- qH-^ 3CK10 

3-10^5h,|) cCt-BH, tdl^ 5iS i^Sl ^7| ^£^x|B|.£ ftAl-E! S o| SSiS « 7l| ^CK 

S^l- Si S^ol ^7|/^7i mSS°S^E-] #7| S9£|fe 5!o| ni fi^^IcK o^7|Ai n-^oi sg^ a}.7| 

oljAi 7l#t!- ti|-£F ao| -Y-:?! ^-g-(s)o| A[iE|- ^^ mi^oii SBj-ga© ^St-tofe ^^i-^ieJ &jif-7F aicK 

o|AtAicH|Ai 7|#£|I1 m=?-m ^^i-Hl sm2| i.i-A[.#o|7i L.^ i|7H°| g^l- 0\^0]m =^ 2ic^K 

£ 6a ai 6boii £EA|i! 4:xh^ c^go^|A^ Dj^ x|-A^|©^7|| 7|#scK ^7?ii. a-t 5! asJ■3^ a! -ys 

S & ags. 5}cHi_fx| ^3 asm ^ Sl(g-o|| ^s-SMol: thcK s 10)1 ^CHS h|-cH| a:|-sD4, HTL(62)fe flHt-?£j°i clora 

(TAD)& ETL(64)-&^S -^71 M^SMi Alq3 a! ^^I^S-^H ETL(64)a|- ei-^S a-^o|fe ^y^fc^ 

(65)A|-0|o||fe S^WI mn OJIM^I ^•■^01 ^XHSI-xl &^fec:K ^s.*(el)(63)s ETL(64m S^*!- -gSel Alq30|cK 









No. 








n^-' 1 ^ cnTTo 




60 




0.1 mm-5mm 


1mm 




|0[{iziH 


61 


iTO 


1 0™300nm 


50nm 


|htl 


62 


TAD 


5-500nm 


50nm 


0% i 




63 


Alq3 


1~100nm 


20nm 




|etl tt-^ 


64 


A(/Aiq3 


2-1 OOOnm | 


200nm 


15% 1 




65 


Al 


1 0~2000nm | 


50nm 





L'=#A|5'|7| ^3i-oi, ^71 t!is\^o\ "snn ^•sbhom m-^m 4= aicK oiei^i ^7| u-i 

iE|g(70)o| ETI,(71)3i|- S9^{69)A|-o!o)l -^Jxlej-fe. 2do| JE 7ao||Aia| ^scHiAi £A|sjcK ^7| bHJilg-(70)-& -^^Se^CegjollAi 
ETL(71)o| H}^x|-o| ^^tio\\ am a^tAlglcK ^^oil 2|sra, aj.sto|| J?-7| #So| ?,^s=!cH| dH^ ^FSf 

711 o^|# dH-^ gfe #3t|2| :iiX|-o|!Ai, xHatl-ol =!cK ^ ^gcHl tUs^ 



g(70)& ag-sl-fe nc.^^ ^-yg E|*|-7-|i-|. S^ftiil- o^Q4A^o|o| ggo| ^(>|l.|.7|o)| i|oi-o|: 
ofx|at°s ^^sfe 5!o|x|°h sa. ^ ^asFx|fe g:^ u^e| A-js c|.# ^4=011 ai^ti-cK o^wo| ^^i-g ^ 

So|-7-|l-|.. Sfif S-^ ££-fe fe-l- S^^CHI S7|^oJ ass Xll^lJ-o^Ml PI]-?- gts ^7| H-|iE|g(70)-g oiiaEj 0|o| K0| 

U=4J-Am T SiSlc^K #71 7|^£!- ii|-B|-o|E-|o)| ccl-aw inm i-Hx| lOOnm^ S^MI^ -^^PF tTSsl-cK g2^{69)a| 3.^ 

0)1 OF °7| H-|ji1g(70)2|- as '^ilgsfe ?d cH-iJofl afe chg .^^g c^# so|| xi|^*i- ^ yj^ m^°l'=-[. 

o|-c|-x| §011 a|©|-oi ACTA Polytechnica Scandinavicaoll 7Ha|si 3S ^£Eoi| 7|^-5|-x|dj. H^go^| ixl-^-b ^-il 2 itx|-7l- £ 7a 
SJ 7bol| £A|gcK oj -yAlojl^ 7l#s! h|-S|- Sc|- sj-^g ETL(71) Si HTL(68)S3|- ETL(71)2l- l^•A^S(69)A|.o| °| :^7| 

fimmrom ^^i^i. ^•■ai- x^mm 2## ##a|?|7| ^s*(69)^ a^-g otsthcK a ^^go| ax|Lfloj|Ai, 

HTL(68)2|- U■A^g(69)A|.o|o^| 2 Hiit|So| ^7|-g =^ SiciK •^■71-sjo^, gi.Al.g(69)e SSI! #^1 #^ ©"axj-cHMI oi-si^! 

-fe^S^-S 'Sim =^= 2icK ££?.l-. H^iii*(7o)s ETL(71)o« cHstI -{d^S ^7| gS^fe gal ^mt} #7| oiJ=. ^o^^ 

m 4= SJe::K •& oi|o|lA^ -S?!/.?-?! HTL li-S(68){TAD/Ge)-& ^s.\ 7|EJ-(66)#S:| ITO oetE(67)4,NI U^^ScK .^7| gJ-A|. g 

^(69)-E- SalfliyBl-oi ^H*||{NSD)# sm&c^K ^A|-c|-o|o|-S #iEx-l|{NSD)-& ^7| tHii|S(70)2|- AI/PBD ETL &S(71)a| ■S-7| 
^■g-oSAH H.^ A^ggcK Al n^^{72)^ ETL W^(71)a| a^alfeHI^ ^li^ScK 





0 


No. 












66 




0.1 mm-Smrn 


2mm 






67 


ITO 


10""300nm 


70nm 


HTL ll-^ 


68 


Ge/TAD 


2-1000nm 


1 75nm 


25% 




69 


NSD 


1-100nm 


25nm 






70 


PBD' 


1-100nm 


lOnm* 


ETL H-^ 


71 


AI/PBD 


2™1 OOOnm 


200nm 


10% 1 




72 


Ai 


1 0~2000nm 


60nm 





^ n 4 ^A|oi|7i-i 8a u £8bcHi £A|scK oiEis-^i^^fe ^^MBiTim ^^m '=?-^^\ "Bmi ^MM m 

-S^^WI ^Cfe §011 o\^[0i ^^acK y^m^'l\ -^^l-Sl 7\^Q\ ZfZf-ol go^LHo| ^7[-Xi|o| ^qo|| o| ^|.o^ ^| >&| Di , oh§ 

^, i!^a(bandgap), S^l- £&H(dopant) M^^:^iF^I S^F^ ^:7Wloi| mt} ^^7i\:^o\\ cH^H #7| aHH^:±: ^ 
a# -a^fi- =T= ^£=^l-b^^^l o[gO| °(cK ^IcHtf ofl^^'^ 3, 4, 7, 8 ^^#^1] 9^^U<± o\^^m 

(naphthafenetracarboxylic di an hydride : NTCDA)o|oi, o|H^t!- o|^-^ NTCDA^l- £!-#cHS aH of|-^ o|.g>&jo|oi^ ^(So 

et aL) soil o|^|.o:| o|d| zim^l ^^o\\ tiWaol. ^>'| ?|JE^|- ^s|-^0|a|-Jl ^^i^ m|-Af. ^^x|o| ur c :7y « ^:7| 

oHH^^(wide bandgap organic matrix)-!- 4^ Si^'l cc||^o|cK ^^m-l!: S-A(-S(77)^ ^x[^[ §^ ^ 
NTCDALfl ^M"^ ^^^^fe 3, 4, 9, 1 0 itill5i!E||Hal-7|-^^Aj. o|^4=#{perylenetetracarboxy!ic dianhydride : PTCDA)# ^ 
-M ^f^sLl ^x\m ^o\u[x\ ^^MollM. PTCDA# ^gi^^^Ml ?|£ lf^^A|7|7^^ nl-^^-m SSfi- ^ 

^^F. .o(-xf-7 u}ok E.n^y\: ^^MmmiM ass ^^^p|oii #-i.^[-c|-oj, ntcda# s-A|-so^A^ a[ 

^m^^^ Ei-^ aHM^i^r: :^i^^(througput)^ ^ ^ UM<^i\o\\M, ^7|/^7| HTL f|-^(75)(NTCDA/Au)^ #H.| 

y\B{73)^^s.\ (TO 0}lixi^(74)ry-oi| a^»-acK NTCDA u-iSlS(76, 78)^ IJ-^oj|A-1 ^o^sj (Coumarine) 5400| JESS PTCDA 
&^^{77)# HTL(75)^-¥-B-| -g-^I^U. c:^# a^oi|AH NTGDA/AI th^ ETL{79)# ^alof-^K Al 7H::^::H.(80)-^ ETL l|-^(79)^l Al.^^ 



n\ 4 ^A|0^|o| Ol|A|^oJ Ail^ Am 


o 


No, 






^A|0^( 




7|e 


73 




0.1mm~5mm 


1mm 






^4 


ITO 


10-300nm 


30nm 




HTL S-^ 


75 


Au/NTCDA 


2™1 OOOnm 


180nm 


10% 1 




7a 


NTCDA 


1-~100nm 


5nm 






77 


Waf-S:^^ £.93 PTCDA 


1-100nm 


20nm 




H-lltl 


78 


NTCDA 


1~100nm 


10nm 




ETL H-^ 


79 


AI/NTCDA 


2™1 OOOnm 


200nm 


15% 




80 


Ai 


1 0~2000nm 


30nm 





S. 6a. 7a SI 8as| ^3Eo\\a-\, ?,^Q4°SYN, 5£fe gcH S^^WIfe ^^A^*(HTL)o||A^^E^ HTL. -^^^a ITO OHi^= SJ ^ 

a| S-a^W SS^ oFHljoi ^ ^z}(ha\1 space)°S S•A^E^c^. o|Eit!- o|^ tEH^cHl S^lHoii oi- 

x|.o)| g,i-AfE|fe sj-^i- a^l"-Ho)l>M ij-^WI #4=51-^1 5!o| ^asl-cK o|fe ai-^i :7|#=! ai| 7H°| -yA|oi|o||AH£|. sjge 

^isHAit ^Hh^o^ m^gfs §ss s^ac^ ^# sii! nnn s^bpi ohsoii, ci 

H^s^5l*^ x|.^ ^cK a. ^^D^$ ^7|/-^7| ff^ SSft Ht-s o|-alio)| A^« ?Hiij ^^^1, jES£|>m s.^s\x\ 

A^s.l^osM^ oi&iti-7|fe# 7^^©i-£s gjcj.. Ai.7|o)| 7|#*t b^^o)| ii|.=o4_ ^^^tm hi^i-ch S4y n-^m ^# s^^oi-ai. 
cc^B|■A^ fi#sdoi|A4o| ^^a(oiE Hh£*ii asjns- unm ^ ai^F. ^t^i^ ei-ix-ii ai.« e-g A^§*^ oi^n 
23. IT02^ ¥-s a!- sia^wi ^ii?-iAH m^nm- ^ sic^ §-§01 sfck ^^qiai s^m^ 

OLED» Si 7|e!-?|CH| ^ 21 era. OLED Hsj- 0|So)| Oi 7|5!-0| ol]Ea|>._ =B|.o|m, 0^|a^|g2^ Si 

sa-SFE^ xilifi- 4= 5i7| [ifl-S-oil, m-^ ^s.\m ^oIcK o|e-|«!- ^3Efe -yalS '-Ho^|A^ ^-a S-5l|-^2|- -S-^-l- gi 

Ml-jl'Sf^ Dj£|o| =7| c|i:#EflO|7h ^ o1e:|-. qLED, OLED CHb||0| OLED C|iMH^|0|-^ ^a|S ^a|^ 7|£|- 

Ai-oii x|g£io^ ^4^^|.7^^^Bjs|o^ ymmoi ^o\\ ^a|a 7|tl-#o|| °icK S#wol -aal^ ^^SF-l-(metalization)e 

?-i^i-oi d^as-sAH oled lh^i ^gj#oi E|xi ^--^cfe ^nmo\ ^m^t\ oled 

?H:ii^ -SS 5E-^ t:H:7io)|Ai o^:^^o\x\ ^^cl iz^ -S^iias ^a.|^o| ^gsl-xl as^7| ch =0)1 ^i^^fi ai-^. ?m 

e7(- ^ss|.c|-fe 3do|c:(-. e = o|E-|tt ^^ilS# 5Has|-7| 3||tl# ^ilSJ-t^cK ?Ha|=! #7|/^7| #s Sx^ 

-» ^a-spi °[§a ?Hit^ s^oi 912.SLS., ^so| oledsf sisi-e^o| 9in m^i -^71/^71 ti-^ HTL-& y\n 

#S|-^nf ^At oj x^-t nH^oi OLED^j-cHI :±:ffi|EHl!o| 7fesFx| o||i^H7^ «afzj- ^4E||o||Aio| uq 

o|iiH.» A1S!# ^ 2icK fj-ga htl-E- ITO EE-^ -f-ileJ- ES^^-fl^l- asfs 
^mm ^ aife o^xis xiigti-cK ^ as- hI*^, &}-¥-?i auSoi si-^oii suss o|^fc° htl£|-°s 

^B-l^ ='l£'-#o|| feJ^g ^7| cHb||o| £Efe l::|^#^^|ol ^3Et SE. 9o\\ Ea|£|ji o|cHAi 7|#e!cK o\Rm ^^mS-m^ iH|a.a| ^, 
^^5' I (driver), ?^i^HA|E^, M?!!x|>:E-|(o|^^ ^l- ;±:Xfe iA|E|x| ^g) sji^ o,/^- -.^^xj-s ^ifBrh-^ 2|S7F gsja 

7|E.K90)m Sli-ech. Ms-m SIS^I #^o)|fe ?H:iH, S^(91)o| iEHE-|yE|cH, ^aie itx|-a OLEDcHI 9^ 

AmcK 0|lt^7F ms. ms-PJ SEflel ^7|/.^7| H-S eTLS A|xj.sr|.o:| oLED7^ nHNyS ?H^H-(91 W 7|Et.(9o)AK)|| 
Sc^K 0LED(92)fe EEm ^^1/^71 H"^ HTL S! 7-|S| ^oga a|-£*li 01|ic^(93)» i^-^c:!-. oFX|S|o^_ UO |!|(94)0| x-i|g. 

OLED(s)S| Afl^ L||S.^ s|.7| o|g[| 7|#§hX| gJrO^cK 

?H4lS7^ flS SB|.2i OLED# ^A|Ol|o| o|El|0| St i::^l:i:#E^ioi7F £ 10011 JEAlHlal ^cl £ 100l|A-|. 7|E!- 

{95)£l floll OLED(97)7^ 7Haj:s|o^ £A|E|oi Sic^K nHEiysj ITO(100)fe SS^F S^SS S!S|-1!2.SM1 0Hir:^(96) 

7^ Hi-£A| a. a.m msL^ n^^y[ ^is s^pj oleqoii aic>|Ai°i ^xngs ^o|fi-:ii ajs|aho| o. - ?n:4;^(98)7i- 

goll S^K ^7|/^7| t}-3 ETL(0LED# S^ofe S°| A:a!#a| ^m^Atl a-^a^ (97)S '-|-EMc>|S)e ?l|ihE(98)7^ 

£Ll-S^. f-S^ BEt 0LED(97)21- -a^^l-t ©Af-Olal ai-^ii gJ/SE-fe SEfe s.^o|| cH^I-oi Eh^^WI Ajaitt- 

ol|# ma, ITO 0||iiiH.(96. 100)71- =L ^\o\\ iil|E|y=! Al ^^^l-S il(95)0| OLED CHajiol ^-g c|:^:Mb^|o|(97)o)| izH^fo^ 7| 

t^°S.A^ 7|^#^ 0|&|£t-OLED#S| -sl-l-feCBrF^OliAi A|.^77|-X|), oj-xig OHicSg. Ol|# #Dj |TO{100). ^aiSjoJ ^71/-^ 

7| f}-^ HTL, #7|M-o| S.g^7^u^ S.gE|x| ^s. ^7|/.?.7| ETL, aj-si ^4e1|S Bi-^S ^ZJ-# 

(98) m -^SSh 5Et y^xfl. H g^2F#(99)« 3t«i-*!-cK 

£ 11011 £A|g c:^s. 7fet!- c:|i#ej|o| ^A|ol|7l- 0|^|■o^|A^ 7|#s!cK oi c|:A=E^|o|t ^o|th 7|a-(102)# smol. -f-Sei: 7| 
dH^si^ oHg c|>i-gB||o|-i- OJ-S7I flsfoi A|.s.g olg^M H|ga se-^ =a|-^a| 

5 ^3E7|- a^lIcK a|a|--EEHx|i;iE-)(i02)(TFTs) Si c:|-B rtx|-l- 7H|g-5|-Jl ^1- nuss^i-l- xi|g-si-7| ^©Foi, ^aj-^los ^ai-E 
o| ^^@cK -^^^ rtxKl02. 102)fe #(104)o|| zmQi a&)x|7iL-|. #E^s:^=!c:K o^q^o^| 0LED7|- "-"^^m ^^MM 

S^-. ■¥7|-s!os. ^ gE^(i02)7|- xiism =^ S1[::K -Mal^ ^xfe tH|SAt| At^o|| OLED(105)7|- ^ ITO ?mB. 

e^£|-^(103)# ia-t.taF. 0|5je Oige- 0|a| DHSairii t|;i:=-E<|0|(AMLCD) 7|^o| OLEDfil- m 

7j\\ AF§E|cH. sximoiji §°^oii ax:| n^feoi AM I:.|ii:gE^|o|7|•^=^a 4^ sicfe ao|cK q^oi, aasiTii ^yim°s.»-i 

%o\ wai 7|e!-a a^A|.s =^ siTII £1 °LS ^slt!- At^ fHa{S7F ^agi?)! Scj-. 

H-|tti#i.h sf-Af S-e^#o| HTL SEt ETL^I- ?i9^Aho|o|| ^|ie|§|-£^§t-o^ ^7|/^7| fJ-go^^El 

-fei^sl sl-Aj-s Mch l,tAi.Aiso^At|, e>A-| 7|#t!- =?-3Em l.k^'-Ai^ ^ oicK ^. o|S ?ira# ^x[b.\ jax(- 
(cross) ^A|.g d So|7|-l- St-tora. o|B|o}. si-Aj. ^rw ° htL Si ^7| H^i^l#A^o|o^|. SE^ u]s]s Si fe^ &^9lAho|oj| ^gj 
M 2icK gx^7^ ^gjEjfe ^o||A-jjE a|-£l-7|-x|s # 4= 2li::K -^ol, S-^-S- ^^th Wl. ^=^-S!- ^7|. SEfe ^7|/-^7| ft-^ 



^t-J^A| S!:£|-^o|c>)o[: 

A^S-^ 4^ ^-b 0iH-l7l-x| M-S^l oil^ cl-gjil- ^cK Alq3S "M^^ Alqfe Znq2, Beq2, Mgq2, ZnMQ2, BeMq2 ^ A!Prq3 # 
B| c(.# 8~o[-o|HMM|^|^Bi S|-s|-tr#-(complexes)oil ^imi cHd* ==r ^^^K 0[E-|o(. ^^-^ eTL SE-b ^^-A^go^ A[-g.# ^ 

ETL^ A|-g# ^ c|-# Alo(-iiz.-xj# MBM, cmiU ^A|£|s.fl!(DPS6T), a|>^-Ea|o|4i^^^^l ^a|e|S 

S!(2D6T). o|-^Dl|@-o|-oi nnmm, i^iaraCe.g. BNVP), r^^EllEhea^^ #5E^-l|{e.Q, BSA-1 , BSA-2). 1, 2-. 4-JEa|oFM ^5E 
x-l|(TAZ)go| ^cK 

Mj-Aj-gH^ H^^[y\o\\ ^^-HBI-^!!, ^laig ^£x^l(oi|# ATP), ol-^DHU-ol-oi ^f-^l-H-g, s|a(.:^(oi|-e. ^04^ 

BNVP). :^E|go|Ea|,^ SS, BSA-1, BSA-2). S^tO (Sfi-H^Ai^ ^Ifm). W°m(i&^^>M5E ^mm). DCM 

s|-mM(DCM1, DCM2, 0|M^ H^^MA-lS c\:±Bm oH9! ^i^fl(DSA), f::|:±:E|ttfflg! #£^-i|(DSB). 

^ofolDl-^ #£;S-{|(CH|# m^i, NBi), ^I-HM:^E|10|-ol - {oi|# #3 . NSD). ^A^C|o|-M #S , OXD, OXD-1 . 

OXD-7), N, N, N', N'™Ej|H£|-5'|>::{m-aiiEHt||fe)~l, 3~Elo|-o|ixiB!^ (PDA), 2||lt!!, S||y-^l#3 A|l-^fi! E|-c|oij ^^xfl, 12-H' 
#^ii|itilE|^ #5Ex-l|(PP), :^^o|-a# S^(Sq), 1.1,4, 4™B||^aW|y-l\ 3-^E|-c| o|(TPBD), ME|{2™0i|^^, 5»(2'o]ia-^^ 
Al)-1, 4-~ffiiiyS!-feJiyS(MEH-PPV), ^A|£|o^(6T). ga|(2. 4»h|:^(§e^|^e(.^^)-~1 , 4-~iEl| y fij-Hiy sy (bcha-ppv), #e1E| 
SB!, ■lE|{p»itiiyB!!u|yB}i)(ppv)go| ^cK 

HTL^A^i ^t|-9#^-^, ^-Eldl) H#^A|ol-t!(CuPc), ^:±LB\m OHlii ^ix-ll(DSA), .L-|.jE.Mr^E| gof-oj #£x-i|(Oi|# 

NSD), ¥m3LE|-&(QA; JEB-H^AMS ^tl-1,^), #E|(3"i:HllE|^g! ^(P3MT), i^illS!. ME|E|SS! (PT), 3. 4, 9, lO-itillHy 

^\^B[^[^M^ o|^^#(PTCDA)(^t!: BHHEI- iJliyElol-ollnElitiiydPD-l, TPD™2 SE^ TAD), m^\{2-m 

5-(2'ti||l-^|^A|)™i, 4~iiiiy^-a|yHi!(MEH"PPV), #E|(9"a|y 7|-su[.^)(PVK)^o| oi^K 

^ a^^sf OLED ^A|oi|oj| cHoj. aflJ^^r^^ ^t^t!"^^^ 1, 4. 5, 8-B|| Ha|-?[-^-y~1 , 8. 4, 5-o|^4=-M-o| cK 

# £>i|p|Ei^ Al-s.^^ ^ 01 - ove:|xi - ^^o| 91 ^u^, oj-o^j£ ^o| ^do|c:K o\B\t}: ^ ^&o\\ a[ 

S.ii^i:H^{monomeric) dtiX[^ E-U^^^ ^^^^o\\ oi-^[oi 2}mo]n^[, ^Ml. ^Whii: m m M o\^^b.\ # 

urn ^A|ai| ^^f-^l-oi 7feof. f)-^o| 7|-^^|-5E^ ^1-71 iiH-Eoll o|^ o|i^ s^|-^o| #cK SEffl- :^x|-i- ^^^^^7| 

^1^1-04 oH-^ S^ol xi|^H|c>|o[: #A|s(-^ ^o| 7^-^^[|o|: of-cK ^^^-B #{BelHar)S eH s.| 

^m\M SxHU -^iJ^H^ xi|cH3FE3Ai ^ SiEK 

^ ^^goii cci-sg, °7| SAi- s^^gLfi^ At-o|s! -7| s-^ E.^^ Urir^i B^nioiyji^^ ^mm ^y^^m 

CHI CHlXi oF ^0|CK S7|2io| m^g aS^WLf. of:A|-Al5'|7| ^I^W S^iSl ^f-^x-ll SE^ ^f-fj-^ a£x^|7[- £9 M 

4. oicK ^gel ^oj-^^#S^^. S-¥Dlfe{AI), ^(Au), ^"^(Pt), ^(Ag), tHll#(Be), Ml(Ni), £!§(ln). a#(Ga), ti|:i^(As), 
eJ*E|^(Sb), ¥^(Sn), aSi(Se), ^F^-g{Cd), a¥-M(Te). 4^^{Hg) 0|Mo| e|.^o| 2iEK SEc^-^ ^^ff-fi- Til Mofe 

(Ge), -^E|5(St). inAs, InN, InP, GaAs. GaN. GaP, AlAs, ZnTe, MgTe, ZnSe, C, CdTe, HgTe EE^ om^l m^o\ ^cK 

SE| JiEJi^Coligomeric) ^ ^E|cH (poiymefj^) ^7l#^ 7|g-oi|A-j 71-^ #a(-^a(. oi7|(exitation)ol| ^1^- o|#o| H.in.Dis^ 

^y-^HM, MElCH-1- -g-^-ilL-HOil galCH# ^0\ll £E^ SH-i|0|^oi| o|s|.0^ 7|g#0j| ^HiAi af.^CK 0|E-|'& 

^ -Oil, ^7|#^ Hf^Ai ^xilLHoil f^^Ksuspend)H|7iu|. ^ol-omcK 7\Bm ^HS- ^, ^n\^ m\ ^moi 'St[|ScK 2|z[o| g 
CHI cHiarFoi g-xii 7|-^ ^7|7F HF^A| ^^a|.o|: mB Afl^^ gxfl^ o|oi g^fg cH ^o|.x| ^o|-o|: ^F7| u^^o\\^ o\Ei 

a- Sa-^ SAilAiOll 7|#a ^Hl- ^^o| 711^^011 ^CHAi^ ^^^^l Afge^-^L-jl C-^ *0|^^ Al-^(H| 

^^o\ m^^m ^w|oF-^ y[^mmB^\m/^y\ ay-s# ^ii^i- 7i-fe-^o|c:K ohohoii a^oii moi7i-7| son gE|cH7F 

fc:i|#^ CH7|0||Ai X-|E|£|a, 4^Xt-# Xi|xj-gF7| ^l^fO^ ##^| -^X] ^FOi 0|: 5 Ml^l 8aCH|Ai ^A|.@ :^t^^ y ^ o|o^ 

cHlAi ^^-^l^ cFol^Holsfe 3icHl qj^HAioj- oj^tjcK ^|-x|aj.^ ofl# #cH D||AKmesa) ^^£1- e|-#. cHulS- ^^g- eF 

o| ^St-ol-EK ^ y-goi|Ai^ y-g- ci-oiSLH l[|o]| ^Stj. go| ftAi-oiioj. ^§ - c[o\^^\4o\\ ^y\:^2i 

sm msoi'^^^i, & mm^ mm ^m-^i r^A^cHiA-i^ a^sm 4^ ^i^i 
(57)m^^i 

® ^7|, gxi- a-^fes o^o^(53)^K 

® S^(51)S^^E-| A(.7| ^^^(53)Hm S^^§|-7| 0\^9\ S^l- SaS{52)# ^^^^ riri^KNght 

emitting device)cHI ^o|A-i, 

#7| ^7| a^^&(52)0i S^l- »ife>''A|5'|7| ^|SH -^7|/^7| -^S* gig o|-7| ^i^FOi ^ojg o^^, ^Ij-^F^ 



n 1 Soil ^cHAi, 
^il 1 S-oii siolAH, 

^^7| Xil 1 #011 ^iC^Ai, 

® n^^^ ^^o^^ ^^y\ a^(72)^^^Bi -^-71 ^mro)^^ s&o[-7i ^i^h gxi- 

® ^-g-S Oflir.^^ ^^-g-^fe iy-7| S^(67)HS-^B^ At-7| ^Q^C/O)^^ Sg^F7| ^iti- 

^^^of--^ ^7| s-^i- sa#{68)# ^mn^ ^'■g- ^i^xk 
n 1 ^c>^A^, 

a-Sxfl-^ 0|#oi S7|^o| - Hgi6rl-74u[- ##A|^(7| fl^M JE.g£! ^^^f- :t:XK 

^7|/^7| S^o[-7| ^-UW ^7| ^^S. Sg-gOl Et^t}- ^7| g^l- SgftOll ti|Hl-0^ ^J-^g x-ji}-^ 

m 5 S-oll ^cHAi, 

g.^ ^^^^F7| ^l^l-O^ #o|£j A^7| ^7| ^ «^ A^7| °7| ^^0| A|-7| g^o^^^^ a^7| ^7|/^7| H*^ 

^il 5 H-oil 9lo]M, 

A^7| #7|/^7| It-^ mm[y\ ^1.71 °7| ^-^Ol, a|-7| #7| S^f. Safto| -71 h^g^ oHJ^^^r^h 

Lfjoi ^A4£( ^^(ri^^^^g) [£}| °oj|^ Aj-7| ^7|/^7| mm^^Bi AJ.7I -^-^ ^Q^o| ^7i#Lfj^ sa-oi ^ai-hi^^ Ajajg 

m^:^XK 

A[.7| ^71/^:^1 H-^ S^*-#(7im ^^71 ^^^(69)A|-0|Oj| felf&t H-fi£lS(70)S Ci ^:gh d^Xh^i-7| ^^(69) 

o| Hi-A(.go| AI.71 -7| g^f. gSS(71)LH^| 1^71 ^7| ^-^oil o|™|.o:| :db:^(quenching)M ^mm^l #0|-^ -^>^^# ?i^cK 

-s-^ S^(77)S| ot^ojAj-oii y|o| ^7| H-|lEi#{78. 76)* ^t^ofe rt:XK 
5^H| 1 EE^ 5 S-oJI ^c^AH, 



© ol^al Sx^ aa- Bi-A|.§(EL)a| ^ejom, 

CD S^l- -^SBixMI SCTL-I- U=4I->^|5'|7| ^|5|-oi si-i-l- o|^t2| SEfe ^^Fa -^71 S;|-K-s-o | u|. , 

® om 0|Ato| g.UhSSI ^Eij-^gst gxl- S-AF#o| ^t-g-g ^^B|X|?i| s|•7^l-^ %t^^[7\ ^^[Oi 

-¥-Sdel7l- 2Jc|-o|L.K 

® 0|4^S| ^7|SSi >::a)-4,'-7| ^7|S°i 5E-fe n 0|A1.°| o|Q^^ -S?!®"! i,l-A^■l- l!=fel-Br|-7| ^l-l-l- ££^ ZL 

oi-fe'-Hi ^^EH* a7|si ftssfe ^o|c|-§oi ni-\m s.-m^[^ 

^7|/^7| #S# S^5F7| ^i^FOi #7| ^7| fe£7F ^HilEiOl ^^°^^Bi9i 7iE|CH| OfHW 

® ^t7| ■S7|/-^7| Sfs ^^o^ ^^=o^5! 4!-7l ^7| Aj^ai- sj^sio^ Slh^pl ^le!- ^Btsoieixi, 

@ ^^7| ^7|/^7| n-^ af-s-cH^ #7| ^7| ^^iL[ ^^^s.s. mmny\ mti aajMoiexi. 

@ fe^7i ^7|/^7i tr^ ej-eoi^ ap^i o^^, ^^j,^ sj^sjo^ ati-s(-7| ^iti- a^soiexi. 

® 4,^71 #7|/-^7| tl-S «}5£*IIS el-SCH<y #7| ^7| ^M31^ Sj^Sj SH-^PI ^Iti 3^ eoj ^mj- -j-XK 

a ^#14 

±.n3-[ a*^|o^| as! ^7| dhesj^., a^^i s&#lh°i ^7i ^^cni zmoi ^gEjt 41.71 rt^hsi ^a|sj # sj 41.71 

o|Q^i-||o| BE.^ SXI- ^.B^m '^9 ^^K 

?H| 1 i-Hxl 13 H-gHl cHin S- IhcHi aJoiAH. 

4'-7| -^^ iie^al a¥-^2J 4^7| m^-m 4^7| rtx|-s[ ^MM ^II^S ^7| □H^a|>.,_At7| o^o^o| 

4^71 ^7| g,U|-#o| 4^71 -^71 ii-A|.go| ^^A^ s^cHi ctl-eW t!q£[Dl, #7| :±:X|.lH°| ^7| dHS^':^2F S^sW JE=t-se|- 

5!o| Hi-ii-^si^i-Di-s 5J:fe 4:XK 

a?-l!-16 

-JdS^fe S-gsi cHilL of is-oii °<ojAi. 

4i.« iHEHEs xj-s.gi.- Ai.7i gsl-oi 41-71 7I0-41.OI half spaceLHS. S-g gj-«HF7| ^|^|-o4 ^^-4i-7| zi-z|-o| 

4'-:7| ^"-g- dtx[y\- g# 7|nK90. 95. 108)4'-oi| S*!- S-^ 7^'a7|| Sa^ 5! (flipped) :txK92. 97. 105)» h|-u(. o|4^ aH-Sfe ^ 

7| CHBllOl at C|>::SH^|o|. 

^•11 17 S.1-CHI 2io^A^. 

#7| g# 7|e-0| :4:X|- §1/^^ 5|S. S/Sfe S7|s| 3 lKconnection)# a^Sfe ^a|5 7|^^o| >txK 

18 1.1-0)1 ^OjAi, ■ 
4^7 1 4'-7| 4:X1- S!/£Efe S|S. S!/5Efe a7lS!aii-0|SiC>l£ 5^ 0|4'-2| #7] d::Xf* 7HlCH-S|-7-m ?.#3r|.7| ^[©M lL°iS ^ 



n\ 18 #a|| ^c^A-l, 

^[•71 7|©Al-c>j| ojx-l n^^7[W^S\Jl, Oi7|Ai 

® :±:Xl-o| #7|/-^7| f}-^ Sxt- SgSMi^ ^xj-^ s^zf-^o^ ^^^fe ^^^F ^§ ii/SEfe 

H4ojo|o| half spaced S-a(-h|5E^ hH^S ^f-^- ±.xl 

18 li-oii SicHAi. 

® -^7h^o^ ?Ht!a E!#~-E!-"^>^l'0|^(IT0)7l- ^Sx| SSx|, ai-7| ^x^MI^ M.Jl[^^^ ^^-"fi^7|/^7| g-^ § 

^ agS^l JE-g^ ^01 fcifa^x|s^£zh-3|-fe o^gsj ^ajg ^^si- gSnK 

^^Sj^l^l half spaced g-Al-^l^^ wH^S ±iXl, 

^xt-oll °l^|-oi ^^A[-t! ^f-o| 7i£t- ^^^1^1 half spaced Ij-At-HlH-^ at|g£!ct™S ^-g- 

n 22 #011 ^cHAi, 

Ai.71 oj g^^i ojB^iol q^^Ej|o|7F ^2^^(fiexible)o| Si-^ ^^S" ^^K 
S^S^24 

^7| gx|- ^^g- -^-g. o4Q^_ S^H^-?•B^ A}-7| ^^^JB^ saei-71 ^|o]. ^o]^ ^i-uj. o|Ai-o| -7| gg-g^ 
aa rtx[-o| xHI^ l^-a:^^^, 

iy-7i 

s^i- s&^oi-7| ^\noi ^7|/^7| tf-^ s^^i-7i ^^-71 ^7| s^i- ^7| A^„g,.g #o|»[.7| o|g. ^^;^| 

^^#26 

x^| 24 #011 ^cHA-1, 

At-71 ^^0| Aj-7| om^r^oi ^x-ll^oj ^^Slj^W ^Jl ^^7\ ^7| SgS^i AJ.7[ #7| D|| .:^Lf| o]| -^a4H| 

A|-7| £t-7^|7l- ^m^^ rtXK 
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